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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  the  provision  of 
units  for  firm  stable  three-dimensional  expanded 
structures,  that  are  capable  of  being  collapsed  down 
to  compact  bundles  and  to  the  structures  made  from 
these  units. 

There  are  many  times  when  one  wishes  to  have 
an  enclosure  at  a  remote  site  and,  rather  that  trans- 
port  it  to  such  site,  one  transports  it  in  some  collapsed 
form.  Thus,  a  tent  is  folded  up,  transported  and  erect- 
ed  where  needed.  A  fabric  tent,  however,  has  no  rig- 
idity  and  it  is  therefore  necessary  to  utilize  tent  poles, 
pegs  and  rope  to  give  the  tent  some  degree  of  rigidity. 
Further,  it  must  be  set  on  a  reasonably  firm  sub-sur- 
face. 

Pneumatically  inflatable  enclosures  are  another 
option  for  such  a  portable  enclosure,  but  again  sub- 
stantial  preparation  is  required. 

US-A-4,359,842  (Hooker),  which  corresponds  to 
the  preamble  of  claims  1  and  7,  discloses  architectu- 
ral  structures  consisting  of  a  set  of  trapezoids  ar- 
ranged  in  pleated  relationship,  interfitted  with  an- 
other  interf  itting,  transverse  set  of  polygons  also  ar- 
ranged  in  pleated  relationship.  Said  structures  flatten 
out,  but  do  not  package  down  further.  For  the  struc- 
tures  of  US-A-4,359,842,  thick  materials  will  interfere 
with  smooth  folding. 

The  present  invention  is  characterised  by  the 
characterising  parts  of  the  claims  1  and  7  and  pro- 
vides  reasonably  rigid  three  dimensional  enclosures 
that  may  be  readily  collapsed  and  expanded.  These 
structures  are  made  up  of  units  which  comprise  facets 
that  are  connected  by  pleats  or  hinges,  this  invention 
has  many  desirable  characteristics. 

First  they  fold  down  to  a  very  compact  bundle. 
Given  the  size  of  the  structure's  basic  facet,  the  col- 
lapsed  structure  will  essentially  consist  of  a  stack 
whose  area  is  the  size  of  that  facet  and  whose  height 
is  the  sum  of  the  thicknesses  of  all  the  facets  in  the 
structure. 

Second,  it  is  possible  to  construct  a  wide  variety 
of  shapes  and  forms  utilizing  this  method.  Illustrated 
herein  are  such  shapes  as  planes,  cylindrical  sec- 
tions,  cones,  tent  shapes,  and  doubly  curved  surfac- 
es.  This  variety  of  forms  allows  for  many  different 
uses. 

Third,  many  of  the  forms  and  shapes  that  can  be 
made  may  be  constructed  from  a  single  flat  sheet  of 
material  that  is  scored  or  pleated.  Because  only  a  sin- 
gle  flat  sheet  is  required,  many  low  cost  manufactur- 
ing  techniques  may  be  employed,  such  as  stamping, 
simple  molds,  etc. 

Fourth,  this  method  allows  for  utilizing  materials 
of  finite  thickness.  Plastics,  wood,  metal  and  other 
rigid  materials  may  be  employed  for  making  struc- 

tures  that  require  more  permanance  and  rigidity. 

BRIEF  SUMMARY  OF  THE  INVENTION 

5  Self-supporting  structures  of  diverse  shapes  are 
disclosed  that  may  be  collapsed  down  to  a  compact 
bundle.  Structures  of  this  kind  are  constituted  by  units 
which  comprise  of  central  tapered  strips  that  are  bor- 
dered  by  elongated  strips.  By  pleating  these  strips  ae- 

ro  cording  to  a  special  pattern,  the  structure  may  col- 
lapse  down  and  expand  out  in  a  smooth  manner. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 
FIGURES 

15 
The  invention  will  be  further  described  with  refer- 

ence  to  the  accompanying  drawings,  wherein: 
Fig.  1  is  a  plan  view  showing  the  basic  unit  of  the 
invention; 

20  Figs.  2-4  are  perspective  views  of  the  unit  shown 
in  Fig.  1  ,  as  it  is  folded  down  to  its  fully  collapsed 
state; 
Fig.  5  is  a  plan  view  showing  an  alternate  embodi- 
ment  of  the  basic  unit  of  the  invention; 

25  Figs.  6-8  are  perspective  views  of  the  unit  shown 
in  Fig.  5,  as  it  is  folded  down  to  its  fully  collapsed 
state; 
Fig.  9  is  a  plan  view  of  a  planar  structure  that  is 
an  embodiment  of  the  invention; 

30  Figs.  10-12areperspectiveviewsofthestructure 
shown  in  Fig.  9  as  it  is  folded  down  to  its  fully  col- 
lapsed  state; 
Fig.  13  isa  plan  view  of  acylindrical  structurethat 
is  an  embodiment  of  the  invention; 

35  Figs.  14-16  are  perspective  views  of  the  structure 
shown  in  Fig.  1  3  as  it  is  folded  down  to  its  fully  col- 
lapsed  state; 
Fig.  17  is  a  plan  view  of  a  tent-shaped  structure 
that  is  an  embodiment  of  the  invention; 

40  Figs.  1  8-20  are  perspective  views  of  the  structure 
shown  in  Fig.  1  7  as  it  is  folded  down  to  its  fully  col- 
lapsed  state; 
Fig.  21  is  a  plan  view  of  a  structure  having  an  S- 
type  curvature  that  is  an  embodiment  of  the  in- 

45  vention; 
Figs.  22-24  are  perspective  views  of  the  structure 
shown  in  Fig.  21  as  it  is  folded  down  to  its  fully  col- 
lapsed  state; 
Fig.  25  is  a  plan  view  of  a  conical  structure  that 

so  is  an  embodiment  of  the  invention; 
Figs.  26-28  are  perspective  views  of  the  structure 
shown  in  Fig.  25  as  it  is  folded  down  to  its  fully  col- 
lapsed  state; 
Figs.  29-32  are  perspective  views  of  the  structure 

55  having  double  curvature  as  it  is  folded  from  its 
fully  developed  state  to  its  fully  collapsed  state; 
Fig.  33-35  are  perspective  views  showing  an  al- 
ternate  construction  of  the  basic  unit  of  the  inven- 
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tion,  utilizing  hinged  rigid  plates; 
Fig.  36-38  are  views  showing  an  alternate  con- 
struction  of  the  basic  structural  unit  of  the  inven- 
tion  and  that  utilizes  a  flexible  sheet  with  stiffen- 
ing  framing  members; 
Fig.  39  shows  an  alternate  pattern  for  the  basic 
unit  where  the  central  strip  is  tapered  in  a  step- 
like  fashion. 

DETAILED  DESCRIPTION 

Referring  now  more  particularly  to  the  drawings, 
in  Fig.  1  there  is  shown  a  unit  100  comprised  of  a  cen- 
tral  tapered  strip  110  which  is  bordered  by  two  elon- 
gated  strips  130  and  150.  Tapered  strip  110  is  pleated 
along  a  series  of  crossing  lines  111-121  that  cross  it 
widthwise.  The  fold  directions  of  adjacent  crossing 
lines  alternate. 

Elongated  strip  130  is  pleated  along  a  series  of 
crossing  lines  131-141  that  cross  it  widthwise.  The 
fold  direction  of  adjacent  crossing  lines  alternate. 
Crossing  line  131  is  essentially  a  continuation  of 
crossing  line  111.  Similarly,  crossing  lines  132-141 
are  essentially  continuations  of  crossing  lines  112- 
121  respectively. 

Elongated  strip  150  is  pleated  along  a  series  of 
crossing  lines  151-161  that  cross  it  widthwise.  The 
fold  direction  of  adjacent  crossing  lines  alternate. 
Crossing  line  151  is  essentially  a  continuation  of 
crossing  line  111.  Similarly,  crossing  lines  152-161 
are  essentially  continuations  of  crossing  lines  112- 
121  respectively. 

Central  tapered  strip  110  is  connected  to  elongat- 
ed  strip  130  along  a  series  of  connecting  pleat  lines 
170-181  that  are  connected  end  to  end.  The  fold  di- 
rection  of  adjacent  connecting  lines  170-181  alter- 
nate.  Similarly,  central  tapered  strip  110  is  connected 
to  elongated  strip  150  along  a  series  of  connecting 
pleat  lines  190-201  that  are  connected  end  to  end. 
The  fold  direction  of  adjacent  connecting  lines  190- 
201  alternate. 

In  Fig.  2,  unit  100  is  shown  partially  folded.  Cen- 
tral  tapered  strip  110  and  elongated  strips  130  and 
150  fold  in  a  zig-zag  fashion. 

In  Fig.  3,  unit  100  is  shown  folded  to  a  further  de- 
gree  than  Fig.  2.  Elongated  strips  130  and  150  may 
be  seen  to  fold  towards  each  other. 

In  Fig.  4  unit  100  is  shown  to  be  essentially  com- 
pletely  folded.  Elongated  strips  130  and  150  have 
each  folded  into  a  stack.  The  central  tapered  strip  110 
has  folded  in  a  zig-zag  fashion,  such  that  the  planes 
of  the  tapered  strip  lie  essentially  orthogonal  to  the 
planes  of  the  stacked  elongated  strips  130  and  150. 
Stacked  elongated  strips  1  30  and  1  50,  have  folded  to- 
wards  each  other  such  that  the  stacks  lie  essentially 
in  line  with  one  another. 

In  Fig.  5  there  is  shown  a  unit  300  which  is  an  al- 
ternate  embodiment  of  the  invention.  It  is  comprising 

a  central  tapered  strip  310,  which  is  bordered  by  two 
elongated  strips  330  and  360.  Tapered  strip  310  is 
pleated  along  a  series  of  crossing  lines  311-321  that 
cross  it  widthwise.  The  fold  directions  of  adjacent 

5  crossing  lines  alternate. 
Elongated  strip  330  is  pleated  along  a  series  of 

crossing  lines  331-353  that  cross  it  widthwise.  The 
fold  directions  of  adjacent  crossing  lines  alternate. 
Crossing  line  331  is  essentially  a  continuation  of 

10  crossing  line  311.  Similarly,  crossing  lines  332-353 
are  essentially  continuations  of  crossing  lines  311- 
321. 

Elongated  strip  360  is  pleated  along  a  series  of 
crossing  lines  361-383  that  cross  it  widthwise.  The 

15  fold  directions  of  adjacent  crossing  lines  alternate. 
Crossing  line  361  is  essentially  a  continuation  of 
crossing  line  311.  Similarly,  crossing  lines  362-383 
are  essentially  continuations  of  crossing  lines  311- 
321. 

20  Central  tapered  strip  31  0  is  connected  to  elongat- 
ed  strip  330  along  a  series  of  connecting  pleat  lines 
400-411  that  are  connected  end  to  end.  The  fold  di- 
rections  of  adjacent  connecting  lines  400-411  alter- 
nate.  Similarly,  central  tapered  strip  310  is  connected 

25  to  elongated  strip  360  along  a  series  of  connecting 
pleat  lines  420-431  that  are  connected  end  to  end. 
The  fold  directions  of  adjacent  connecting  lines  420- 
431  alternate. 

In  Fig.  6,  unit  300  is  shown  partially  folded.  Cen- 
30  tral  tapered  strip  310  folds  in  a  zig-zag  fashion. 

In  Fig.  7,  unit  300  is  shown  folded  to  a  further  de- 
gree  than  Fig.  6.  Elongated  strips  330  and  360  may 
be  seen  to  fold  towards  each  other. 

In  Fig.  8  unit  300  is  shown  to  be  essentially  com- 
35  pletely  folded.  Elongated  strips  330  and  360  have 

each  folded  into  a  stack.  The  central  tapered  strip  310 
has  folded  in  a  zig-zag  fashion  such  that  the  planes 
of  the  central  tapered  strip  lie  essentially  orthogonal 
to  the  planes  of  the  stacked  elongated  strips  330  and 

40  360.  In  Fig.  8  stacked  elongated  strips  330  and  360 
have  folded  towards  each  other  such  that  the  stacks 
lie  essentially  in  line  with  one  another. 

In  Fig.  9  structure  500  is  comprising  units 
510,520  and  530.  Unit  510  is  comprising  central  ta- 

45  pered  strip  512  and  elongated  strips  514  and  516. 
Similarly,  unit  520  is  comprising  central  tapered  strip 
522  and  elongated  strips  524  and  526,  while  unit  530 
is  comprising  central  tapered  strip  532  and  elongated 
strips  534  and  536.  Unit  510  is  connected  to  adjacent 

so  unit  520  by  tapered  strip  540  which  joins  elongated 
strip  516  to  elongated  strip  524.  Similarly,  unit  520  is 
connected  to  adjacent  unit  530  by  tapered  strip  550 
which  joins  elongated  strip  526  to  elongated  strip  534. 

In  Figs.  10  and  11  the  structure  500  is  shown  in 
55  two  partial  degrees  of  folding.  The  elongated  strips 

514,516,524,526,534  and  536  may  be  seen  to  fold  to- 
wards  each  other.  Tapered  strips  512,522,532,540 
and  550  fold  in  a  zig-zag  fashion. 
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In  Fig.  12  the  structure  500  is  shown  completely 
folded.  Elongated  strips  514,516,524,526,534  and 
536  are  folded  into  stacks  which  are  connected  by 
their  adjacent  tapered  strips.  The  tapered  strips 
512,522,532,540  and  550  are  folded  in  a  zig-zag  fash- 
ion.  The  planes  of  the  tapered  strips  lie  essentially  or- 
thogonal  to  the  planes  of  the  stacked  elongated 
strips.  The  stacks  formed  by  the  elongated  strips  lie 
essentially  in  line  with  one  another. 

In  Fig.  13  is  shown  a  plan  view  of  a  structure  600. 
It  is  comprising  units  610,620  and  630.  Unit  610  is 
comprising  central  tapered  strip  612  and  elongated 
strips  614  and  616.  Similarly,  unit  620  is  comprising 
central  tapered  strip  622  and  elongated  strips  624  and 
626,  while  unit  630  is  comprising  central  tapered  strip 
632  and  elongated  strips  634  and  636.  Unit  610  is 
connected  to  adjacent  unit  620  by  tapered  strip  640, 
which  joins  elongated  strip  616  to  elongated  strip  624. 
Similarly,  unit  620  is  connected  to  adjacent  unit  630 
by  tapered  strip  650  which  joins  elongated  strip  626 
to  elongated  strip  634. 

In  Figs.  14  and  15  the  structure  600  is  shown  in 
two  partial  degrees  of  folding,  forming  a  structure 
whose  shape  is  a  cylindrical  section.  The  elongated 
strips  614,616,624,626,634  and  636  may  be  seen  to 
fold  towards  each  other.  Tapered  strips  612,622,632, 
640  and  650  fold  in  a  zig-zag  fashion. 

In  Fig.  16  the  structure  600  is  shown  essentially 
completely  folded.  Elongated  strips  614,616,624,626, 
634  and  636  are  folded  into  stacks  which  are  connect- 
ed  by  their  adjacent  tapered  strips.  The  tapered  strips 
612,622,632,640  and  650  are  folded  in  a  zig-zag  fash- 
ion.  The  planes  of  the  tapered  strips  lie  essentially  or- 
thogonal  to  the  planes  of  the  stacked  elongated 
strips.  The  stacks  formed  by  the  elongated  strips  lie 
essentially  in  line  with  one  another. 

Fig.  17  shows  a  structure  700  comprises  two 
units  710  and  720,  each  comprising  a  central  tapered 
strip  and  two  elongated  strips.  Units  710  and  720  are 
connected  to  each  other  by  a  region  730  with  an  al- 
ternate  folding  pattern.  In  Fig.  18,  the  structure  700 
is  shown  in  a  partially  folded  condition,  forming  a  tent- 
shaped  structure.  Fig.  19  shows  the  structure  700 
folded  to  a  further  degree  than  Fig.  1  8.  In  Fig.  20  the 
structure  700  is  shown  essentially  completely  folded. 

Fig.  21  shows  a  structure  800  comprising  five 
units  810,820,830,  840  and  850,  each  comprising  a 
central  tapered  strip  and  two  elongated  strips.  Units 
810,820,830,840  and  850  are  connected  to  each 
other  by  tapered  strips  815,825,835  and  845.  In  Fig. 
22,  the  structure  800  is  shown  in  a  partially  folded 
condition,  forming  a  structure  with  an  S-type  curva- 
ture.  Fig.  23  shows  the  structure  800  folded  to  a  fur- 
ther  degree  than  Fig.  22.  In  Fig.  24  the  structure  800 
is  shown  essentially  completely  folded. 

Fig.  25  shows  a  structure  900  comprising  five 
units  910,920,930,  940  and  950,  each  comprising  a 
central  tapered  strip  and  two  elongated  strips.  Units 

910,920,930,940  and  950  are  connected  to  each 
other  by  tapered  strips  915,925,935  and  945.  In  Fig. 
26  the  structure  900  is  shown  in  a  partially  folded  con- 
dition,  forming  a  conical  structure.  Fig.  27  shows  the 

5  structure  900  folded  to  a  further  degree  than  Fig.  26. 
In  Fig.  28  the  structure  900  is  shown  essentially  com- 
pletely  folded. 

Fig.  29  shows  a  structure  1000  having  the  form 
of  a  doubly  curved  surface.  It  is  comprising  three 

10  units  1010,1020  and  1030,  each  comprising  a  central 
tapered  strip  and  two  elongated  strips.  Units 
1010,1020  and  1030  are  connected  to  each  other  by 
tapered  strips  101  5  and  1025.  In  Fig.  30,  the  structure 
1000  is  shown  in  a  partially  folded  condition.  Fig.  31 

15  shows  the  structure  1000  folded  to  a  further  degree 
than  Fig.  30.  In  Fig.  32  the  structure  1000  is  shown 
essentially  completely  folded. 

Fig.  33  shows  the  unit  1100  which  illustrates  an 
alternate  construction  of  the  invention.  It  is  constitut- 

20  ed  by  a  central  tapered  strip  1120  which  is  bordered 
by  two  elongated  strips  1130  and  1140.  In  this  em- 
bodiment  of  the  invention,  the  central  strip  1120  is 
comprising  rigid  plates  which  are  hingedly  attached  to 
each  other.  Similarly  elongated  strips  1130  and  1140 

25  are  comprising  rigid  plates  which  are  hingedly  attach- 
ed  to  each  other.  Central  strip  1120  is  hingedly  joined 
to  elongated  strips  1130  and  1140.  Fig.  34  shows  the 
unit  1100  in  a  partially  folded  state.  Fig.  35  shows  the 
unit  1100  in  its  fully  collapsed  state. 

30  Fig.  36  shows  the  unit  1200  which  illustrates  an 
alternate  construction  of  the  invention.  It  is  constitut- 
ed  by  a  central  tapered  strip  1220  which  is  bordered 
by  two  elongated  strips  1230  and  1240.  In  this  em- 
bodiment  of  the  invention  the  strips  1220,1230  and 

35  1240  comprise  flexible  sheets  of  material  where  the 
areas  between  pleat  lines  are  stiffened  by  rigid  fram- 
ing  members.  Fig.  37  shows  the  unit  1200  in  a  par- 
tially  folded  state.  Fig.  38  shows  the  unit  1200  in  its 
fully  collapsed  state. 

40  Fig.  39  shows  the  unit  1300  which  is  constituted 
by  a  central  tapered  strip  1320  which  is  bordered  by 
two  elongated  strips  1330  and  1340.  In  this  embodi- 
ment  of  the  invention  the  central  strip  1  320  is  tapered 
in  a  step-like  fashion  such  that  the  connecting  lines 

45  that  join  the  central  strip  1320  to  the  two  elongated 
strips  1330  and  1340  are  slightly  offset  from  one  an- 
other. 

so  Claims 

1.  A  unit  (100);  (300);  (510,  520,  530);  (610,  620, 
630);(71  0,720);  (810,  820,  830,  840,  850);  (910, 
920,  930,  940,  950);  (1010,  1020,  1030);  (1100); 

55  (1200);  comprising 
a  central  strip  (110);(310);(512,  522,  532, 

540,  550);  (612,  622,  632,  640,  650);  (815,  825, 
835,  845);  (915,  925,  935,  945);  (1015,  1025); 

4 
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(1120),  (1220);  bordered  by  two  elongated  strips 
(130,  150);  (330,  360);  (514,  516,  524,  526,  534, 
536);  (614,  616,  624,  626,  634,  636);  (1130, 
1140);  (1230,  1240); 

the  strip  being  pleated  along  a  series  of 
I  i  nes  t  hat  cross  it  widt  h  wise  (  1  1  1  -  1  2  1  )  ;  (3  1  1  -32  1  )  ; 
the  fold  directions  of  said  adjacent  crossing  lines 
alternating, 

each  elongated  strip  being  pleated  along  a 
series  of  crossing  lines  that  cross  the  strip  width- 
wise  (131-141),  (151-161);  (331-353,  361-383) 
the  fold  directions  of  said  adjacent  crossing  lines 
alternating,  these  crossing  lines  being  continua- 
tions  of  the  lines  crossing  the  central  strip, 

the  central  strip  being  joined  to  each  of  the 
two  elongated  strips  by  a  series  of  pleat  lines  that 
are  connected  end-to-end  (170-181,  190-201); 
(400-411,  420-431);  and  the  fold  directions  of 
said  adjacent  connecting  lines  alternating, 

such  that  when  the  unit  is  folded,  each  of 
the  two  elongated  strips  fold  into  a  stack,  and  the 
central  strip  folds  in  a  zig-zag  fashion,  the  two 
stacked  elongated  strips  folding  towards  each 
other  such  that  the  stacks  lie  in  line  with  one  an- 
other,  characterized  by  that  the  central  strip 
(110);(310);(512,  522,  540,  550);  (612,  622,  632, 
640,  650);  (815,  825,  835,  845);  (915,  925,  935, 
945);  (1015,  1025);  (1120),  (1220);  is  tapered 
and,  when  the  central  tapered  strip  folds  in  a  zig- 
zag  fashion,  the  planes  of  the  tapered  strip  lie  or- 
thogonal  to  the  planes  of  the  stacked  elongated 
strips  (130,  150);  (330,  360);  (514,  516,  524,  526, 
534,  536);  (614,  616,  624,  626,  634,  636);  (1130, 
1140);  (1230,  1240); 

2.  A  reversibly  expandable  structure  (500);  (600); 
(700);  (800);  (900);  (1000)  at  least  in  part  com- 
prises  units  according  to  claim  1  . 

3.  A  unit  (11  00)  according  to  claim  1,  where  the  cen- 
tral  tapered  strip  (1120)  is  comprising  rigid  plates 
hingedly  joined  to  one  another,  the  two  elongated 
strips  (1130,  1140)  are  comprised  of  rigid  plates 
hingedly  joined  to  one  another,  and  the  central 
strip  is  hingedly  joined  to  the  two  elongated 
strips. 

4.  A  reversibly  expandable  structure  at  least  in  part 
comprises  units  (1100)  according  to  claim  3. 

5.  Aunit(1200)  according  toclaim  1,  where  the  cen- 
tral  tapered  strip  1220)  is  comprising  a  flexible 
sheet  with  rigid  framing  members  to  stiffen  those 
areas  that  are  between  pleat  lines  and  the  two 
elongated  strips  (1230,  1240)  are  comprising 
flexible  sheets  with  rigid  framing  members  to  stif- 
fen  those  areas  that  are  between  pleat  lines. 

6.  A  reversibly  expandable  structure  at  least  in  part 
comprised  of  units  (1200)  according  to  claim  5. 

7.  A  unit  (1  300)  comprising 
5  a  central  strip  (1320)  bordered  by  two 

elongated  strips  (1  330,  1  340),  the  strip  (1  320)  be- 
ing  pleated  along  a  series  of  lines  that  cross  it 
widthwise,  the  fold  directions  of  said  adjacent 
crossing  lines  alternating, 

10  each  elongated  strip  (1330,  1340)  being 
pleated  along  a  series  of  crossing  lines  that  cross 
the  strip  widthwise,  the  fold  directions  of  said  ad- 
jacent  crossing  lines  alternating,  these  crossing 
lines  being  continuations  of  the  lines  crossing  the 

15  central  strip  (1320), 
the  central  strip  (1320)  being  joined  to 

each  of  the  two  elongated  strips  (1330,  1340)  by 
a  series  of  pleat  lines  and  the  fold  directions  of 
said  adjacent  connecting  lines  alternating, 

20  such  that  when  the  unit  (1300)  is  folded, 
each  of  the  two  elongated  strips  (1330,  1340)  fold 
into  a  stack,  and  the  central  strip  (1320)  folds  in 
a  zig-zag  fashion,  the  two  stacked  elongated 
strips  (1330,  1340)  folding  towards  each  other 

25  such  that  the  stacks  lie  in  line  with  one  another, 
characterized  in  that  the  central  strip  (1  320)  is  ta- 
pered  in  a  step-like  fashion  such  that  the  con- 
necting  lines  that  join  the  central  strip  (1320)  to 
the  two  elongated  strips  (1330,  1340)  are  slightly 

30  offset  from  one  another. 

8.  A  reversibly  expandable  structure  at  least  in  part 
comprising  units  (1300)  according  to  claim  7. 

35 
Patentanspruche 

1.  Einheit  (100),  (300),  (510,  520,  530),  (610,  620, 
630),  (710,  720),  (810,  820,  830,  840,  850),  (910, 

40  920,  930,  940,  950),  (1010,  1020,  1030),  (1100), 
(1200),  enthaltend 
einen  Mittelstreifen  (110),  (310),  (512,  522,  532, 
540,  550),  (612,  622,  632,  640,  650),  (815,  825, 
835,  845),  (915,  925,  935,  945),  (1015,  1025), 

45  (1120),  (1220),  der  von  zwei  langgestreckten 
Streifen  (130,  150),  (330,  360),  (514,  516,  524, 
526,  534,  536),  (614,  616,  624,  626,  634,  636), 
(1130,  1140),  (1230,  1240)  begrenzt  ist, 
wobei  der  Streifen  entlang  einer  Anzahl  von  Li- 

50  nien  (111-121),  (311-321),  die  den  Streifen  der 
Breite  nach  kreuzen,  gefaltet  ist  und  die  Faltrich- 
tungen  dieser  benachbarten  Kreuzungslinien 
wechseln, 
jeder  langgestreckte  Streifen  entlang  einer  An- 

55  zahl  von  Schnittlinien  (131-141),  (151-161),  (331- 
353,  361-383),  die  den  Streifen  in  der  Breite  kreu- 
zen,  gefaltet  ist,  die  Faltrichtungen  dieser  be- 
nachbarten  Schnittlinien  wechseln  und  diese 

5 
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Schnittlinien  Fortsetzungen  der  Linien  darstel- 
len,  die  den  Mittelstreifen  kreuzen, 
der  Mittelstreifen  mit  jedem  der  beiden  langge- 
streckten  Streifen  durch  eine  Anzahl  von  endwei- 
se  verbundenen  Faltlinien  (170-181,  190-201), 
(400-411,  420-431)  verbunden  ist  und  die  Falt- 
richtungen  dieser  benachbarten  Verbindungsli- 
nien  derartig  wechseln, 
dali  bei  gefalteter  Einheit  jeder  der  beiden  lang- 
gestreckten  Streifen  stapelformig  und  der  Mittel- 
streifen  zickzackartig  gefaltet  ist,  wobei  die  bei- 
den  gestapelten,  langgestreckten  Streifen  so  zu- 
einander  hin  gefaltet  sind,  daft  die  Stapel  zuein- 
ander  in  einer  Linie  liegen,  dadurch  gekennzeich- 
net,  dali  der  Mittelstreifen  (110),  (310),  (512,  522, 
540,  550),  (612,  622,  632,  640,  650),  (815,  825, 
835,  845),  (915,  925,  935,  945),  (1015,  1025), 
(1120),  (1220)  sich  verjungt  und  bei  zickzackfor- 
mig  gefaltetem  verjungtem  Mittelstreifen  die  Ebe- 
nen  des  sich  verjungenden  Streifens  senkrecht 
zu  den  Ebenen  der  ubereinander  angeordneten, 
langgestreckten  Streifen  (130,  150),  (330,  360), 
(514,  516,  524,  526,  534,  536),  (614,  616,  624, 
626,  634,  636),  (1130,  1140),  (1230,  1240)  liegen. 

2.  Umkehrbar  entfaltbare  Struktur  (500),  (600), 
(700),  (800),  (900),  (1000),  die  wenigstens  teil- 
weise  Einheiten  gemali  Anspruch  1  enthalt. 

seine  Breite  erstreckende  Linien  gefaltet  ist  und 
die  Faltrichtungen  dieser  benachbarten  Kreu- 
zungslinien  alternieren, 
jeder  langgestreckte  Streifen  (1330,  1340)  ent- 

5  lang  einer  Anzahl  von  Kreuzungslinien,  die  den 
Streifen  in  der  Breite  schneiden,  gefaltet  ist,  die 
Faltrichtungen  dieser  benachbarten  Kreuzungsli- 
nien  wechseln  und  diese  Schnittlinien  Fortset- 
zungen  der  den  Mittelstreifen  (1320)  kreuzenden 

10  Linien  darstellen, 
der  Mittelstreifen  (1320)  uber  eine  Anzahl  von 
Faltlinien  mit  jedem  der  beiden  langgestreckten 
Streifen  (1330,  1340)  verbunden  ist  und  die  Falt- 
richtungen  dieser  benachbarten  Verbindungsli- 

15  nien  derart  alternieren, 
dali  bei  zusammengefalteter  Einheit  (1300)  jeder 
der  beiden  langgestreckten  Streifen  (1330,  1340) 
stapelartig  und  der  Mittelstreifen  (1  320)  zickzack- 
artig  gefaltet  ist,  wobei  die  beiden  ubereinander 

20  gestapelten,  langgestreckten  Streifen  (1330, 
1340)  derartig  aufeinander  zu  gefaltet  sind,  dali 
die  Stapel  zueinander  in  einer  Linie  liegen,  da- 
durch  gekennzeichnet,  dali  der  Mittelstreifen 
(1  320)  sich  stufenweise  derartig  verjungt,  dali  die 

25  den  Mittelstreifen  (1320)  mit  den  beiden  langge- 
streckten  Streifen  (1330,  1340)  verbindenden 
Verbindungslinien  leicht  gegeneinander  versetzt 
sind. 

3.  Einheit  (1  1  00)  nach  Anspruch  1  ,  bei  der  der  mitt- 
lere,  sich  verjungende  Streifen  (1120)  starre,  ge- 
lenkig  miteinander  verbundene  Platten  enthalt, 
die  zwei  langgestreckten  Streifen  (1130,  1140) 
starre,  gelenkig  miteinander  verbunde  Platten 
enthalten  und  der  Mittelstreifen  gelenkig  mit  den 
beiden  langgestreckten  Streifen  verbunden  ist. 

4.  Umkehrbar  entfaltbare  Struktur,  die  wenigstens 
teilweise  Einheiten  (1100)  gemali  Anspruch  3 
enthalt. 

5.  Einheit  (1200)  nach  Anspruch  1,  bei  der  der  mitt- 
lere,  sich  verjungende  Streifen  (1220)  eine  flexib- 
le  dunne  Platte  mit  starren  Rahmenteilen  zur 
Aussteifung  der  zwischen  Faltlinien  liegenden 
Bereiche  enthalt  und  die  zwei  langgestreckten 
Streifen  (1230,  1240)  flexible  dunne  Platten  mit 
starren  Rahmenteilen  zur  Absteifung  der  Berei- 
che  zwischen  Faltlinien  enthalten. 

6.  Umkehrbar  entfaltbare  Struktur,  die  wenigstens 
teilweise  aus  Einheiten  (1200)  gemali  Anspruch 
5  besteht. 

7.  Einheit  (1300),  enthaltend 
einen  Mittelstreifen  (1320),  an  den  zwei  langge- 
streckte  Streifen  (1330,  1340)  angrenzen,  wobei 
der  Streifen  (1320)  entlang  einer  Reihe  sich  uber 

30  8.  Umkehrbar  entfaltbare  Struktur,  die  wenigstens 
teilweise  Einheiten  (1300)  nach  Anspruch  7  ent- 
halt. 

35  Revendications 

1.  Unite  (100);  (300);  (510,  520,  530);  (610,  620, 
630);  (710,  720);  (810,  820,  830,  840,  850);  (910, 
920,  930,  940,  950);  (1010,  1020,  1030);  (1100); 

40  (1200),  comprenant  : 
une  bande  centrale  (1  1  0);  (31  0);  (51  2,  522, 

532,  540,  550);  (612,  622,  632,  640,  650);  (815, 
825,  835,  845);  (915,  925,  935,  945);  (1015, 
1025);  (1120),  (1220),  bordee  par  deux  bandes 

45  allongees  (130,  150);  (330,  360);  (514,  516,  524, 
526,  534,  536);  (614,  616,  624,  626,  634,  636); 
(1130,  1140);  (1230,  1240), 

la  bande  etant  plissee  le  long  d'une  serie 
de  lignes  qui  la  traversent  suivant  la  largeur  (111- 

50  121);  (311-321),  les  sens  de  phage  desdites  li- 
gnes  transversales  adjacentes  etant  alternes, 

chaque  bande  allongee  etant  plissee  le 
long  d'une  serie  de  lignes  transversales  qui  tra- 
versent  la  bande  suivant  sa  largeur  (131-141); 

55  (151-161);  (331-353,  361-383),  les  sens  de  pha- 
ge  desdites  lignes  transversales  adjacentes  etant 
alternes,  ces  lignes  transversales  etant  le  prolon- 
gement  des  lignes  traversant  la  bande  centrale, 

6 
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la  bande  centrale  etant  reliee  a  chacune 
des  bandes  allongees  par  une  serie  de  lignes  de 
plissage  qui  sont  reliees  bout  a  bout  (170-181, 
1  90-201);  (400-411  ,  420-431  ),  et  les  sens  de  pha- 
ge  desdites  lignes  adjacentes  de  liaison  etant  al- 
ternes, 

de  telle  sorte  que  lorsque  I'unite  est  pliee, 
chacune  des  deux  bandes  allongees  se  replie  en 
une  pile,  et  la  bande  centrale  se  replie  en  zigzag, 
les  deux  bandes  allongees  empilees  se  repliant 
I'une  vers  I'autre  de  telle  sorte  que  les  piles  soient 
alignees  mutuellement  I'une  sur  I'autre,  caracte- 
risee  en  ce  que  la  bande  centrale  (110);  (310); 
(512,  522,  540,  550);  (612,  622,  632,  640,  650); 
(815,  825,  835,  845);  (915,  925,  935,  945);  (1015, 
1025);  (1020),  (1220),  se  reduit  en  largeur  et  en 
ce  que,  lorsque  la  bande  centrale  qui  se  reduit  en 
largeur  se  replie  en  zigzag,  les  plans  de  la  bande 
dont  la  largeur  se  reduit  sont  situes  perpendicu- 
lairement  aux  plans  des  bandes  allongees  empi- 
lees  (130,  150);  (330,  360);  (514,  516,  524,  526, 
534,  536);  (614,  616,  624,  626,  634,  636);  (1130, 
1140);  (1230,  1240). 

2.  Structure  expansible  reversible  (500);  (600); 
(700);  (800);  (900);  (1000),  comprenantau  moins 
en  partie  des  unites  selon  la  revendication  1  . 

3.  Unite  (1100)  selon  la  revendication  1,  dans  la- 
quelle  la  bande  centrale  dont  la  largeur  se  reduit 
(1120)  est  constitute  de  plaques  rigides  reliees 
mutuellement  I'une  a  I'autre  par  charnieres,  les 
deux  bandes  allongees  (1130,  1140)  etant  cons- 
titutes  de  plaques  rigides  reliees  mutuellement 
I'une  a  I'autre  par  charnieres,  la  bande  centrale 
etant  reliee  par  charnieres  aux  deux  bandes  al- 
longees. 

4.  Structure  expansible  reversible,  comprenant  au 
moins  en  partie  des  unites  (1100)  selon  la  reven- 
dication  3. 

deux  bandes  allongees  (1330,  1340),  la  bande 
(1320)  etant  plissee  le  long  d'une  serie  de  lignes 
qui  la  traversent  suivant  la  largeur,  les  sens  de 
phage  desdites  lignes  transversales  adjacentes 

5  etant  alternes, 
chaque  bande  allongee  (1  330,  1  340)  etant 

plissee  le  long  d'une  serie  de  lignes  transversales 
qui  traversent  la  bande  suivant  sa  largeur,  les 
sens  de  phage  desdites  lignes  transversales  ad- 

10  jacentes  etant  alternes,  ces  lignes  transversales 
etant  les  prolongements  des  lignes  traversant  la 
bande  centrale  (1320); 

la  bande  centrale  (1  320)  etant  reliee  a  cha- 
cune  des  deux  bandes  allongees  (1330,  1340) 

15  par  une  serie  de  lignes  de  plissage,  et  les  sens  de 
phage  desdites  lignes  adjacentes  de  liaison  etant 
alternes, 

de  telle  sorte  que  I'unite  (1  300)  est  repliee, 
chacune  des  deux  bandes  allongees  (1330, 

20  1340)  se  replie  en  une  pile,  la  bande  centrale 
(1320)  se  repliant  en  zigzag,  les  deux  bandes  al- 
longees  empilees  (1330,  1340)  se  repliant  I'une 
vers  I'autre  de  telle  sorte  que  les  piles  soient  ali- 
gnees  mutuellement  I'une  sur  I'autre,  caracteri- 

25  see  en  ce  que  la  bande  centrale  (1320)  se  reduit 
en  largeur  en  escalierde  telle  sorte  que  les  lignes 
de  liaison  qui  relient  la  bande  centrale  (1320)  aux 
deux  bandes  allongees  (1330,  1340)  soient  lege- 
rement  decalees  mutuellement  I'une  de  I'autre. 

30 
8.  Structure  expansible  reversible,  constitute  au 

moins  en  partie  d'unites  (1300)  selon  la  revendi- 
cation  7. 

35 

40 

5.  Unite  (1200)  selon  la  revendication  1,  dans  la- 
quelle  la  bande  centrale  qui  se  reduit  en  largeur 
(1120)  est  constitute  d'une  feuille  souple  avec  45 
membres  rigides  d'encadrement  pour  rigidifier 
les  zones  situees  entre  les  lignes  de  plissage,  les 
deux  bandes  allongees  (1230,  1240)  etant  cons- 
titutes  de  feuilles  sou  pies  avec  membres  rigides 
d'encadrement  pour  rigidifier  les  zones  situtes  so 
entre  les  lignes  de  plissage. 

6.  Structure  expansible  reversible,  constitute  au 
moins  en  partie  d'unitts  (1200)  selon  la  revendi- 
cation  5.  55 

7.  Unitt  (1300)  comprenant  : 
une  bande  centrale  (1320)  bordte  par 

7 
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